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Abstract 

In this manuscript, a complete theoretical and 
experimental investigation of antibiotic agents 
Sulfamethoxazole (SMX) and Trimethoprim (TMP) was 
performed at B3LYP, CAM-B3LYP, B3PW91/6-311++G 
(d,p) levels through DFT (density functional theory). The 
bond length and bond angles of SMX and TMP are   
calculated and compared with existence literature data. 
The global reactivity descriptors have been estimated from 
HOMO - LUMO energies to understand the stability and 
chemical reactivity of investigated molecules. The 
electrophilic sites present in the investigated molecules 
have been identified by using MEP. Mulliken atomic 
charge distribution has been analysed at three different 
levels of theories/basis set.  The Non-linear optical 
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parameters have been calculated for investigated 
molecules to understand their suitability in non-linear 
optics. The NBO study has been utilised to disclose the 
strongest inter-molecular interactions. The vibrational 
assignment of SMX and TMP  molecules has been 
performed with the assistance of DFT coupled with the 
VEDA program.    

 
Keywords: Sulfamethoxazole, Trimethoprim, DFT, VEDA, FMO, 
NLO 

1. Introduction  
 The drug molecules Sulfamethoxazole (SMX) and 
Trimethoprim (TMP) act as antimicrobial agents used in the 
treatment of bacterial infections, and collectively they are called co-
trimoxazole. Co-trimoxazole is abbreviated as TMP-SMX. These 
drugs are cost-effective and used for many types of illnesses like 
bacterial infections and urinary tract infections. SMX is a well-
known antibiotic drug and it is the derivative of Sulfonamide, used 
for the treatment of bacterial infections such as bronchitis, prostatitis 
and urinary tract infections[1]. SMX in combination with 
trimethoprim of the ratio 5:1 is used as Co-trimaxazole [2]. It is also 
used to cure toxoplasmosis. SMX contains Sulfonamide functional 
groups which might be responsible for the antimicrobial activities[3]. 
For the treatment of sinusitis, SMX can be used as an alternative to 
Amoxicillin. TMP is called an antifolate antibiotic often used in 
combination with SMX to treat many infections like respiratory tract, 
and gastrointestinal tract infections[4], [5].TMP is also used to treat 
certain types of pneumonia when it combines with other drugs. 

In recent years, computational studies have become popular in 
different research areas because of their potentiality in predicting 
molecular properties. Specifically, the density functional theory 
(DFT) related works becoming more widespread due to its efficiency 
in understanding the complexity of chemical and biological 
mechanisms[6]. The computational studies related to SMX and TMP 
through DFT have their intensive contributions in theoretical 
research[7]–[13]. In literature, the  detailed structural and vibrational 
assignment of SMX and TMP has been performed using single 
theory and single basis set. However, there is a lack of studies on the 
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theoretical investigation of SMX and TMP with different theories 
and basis sets. The investigations based on different theories and 
basis sets are essential to estimate exact properties of molecules.  

In the present study, geometrical parameters of SMX and TMP drug 
molecules, and vibrational assignments with PED contribution are 
also carried out. Using different theories and a single basis set 
geometrical parameters, binding sites, electronic states, molecular 
electrostatic potential (MEP), chemical reactivity, optical  properties 
(NLO), Mulliken atomic charge, NBO (Natural bonding orbitals) and  
FTIR spectra have been computed. 

2. Materials and methods  

2.1 Materials 

Sulfamethoxazole (SMX) and Trimethoprim (TMP) with 99% purity 
were purchased from Sigma Aldrich, India. Chemical structure of 
SMX and TMP is given in Figure.1.   

 

 
 

 
 
 

          

                                                  Fig.1(a) 

 

 
Fig.1(b) 

Fig.1. Chemical structure of (a) SMX and (b)TMP 
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2.2 Experimental method 

The FT-IR spectra of SMX and TMP were recorded using Perkin’s-
Spectrum 2 spectrometer in the spectroscopic range 4000-400 cm-1, 
using the KBr pellet technique. 

2.3 Computational method 

The theoretical calculations of SMX and TMP has been carried out 
with the help of Gaussian-09 software using DFT method at B3LYP, 
CAM-B3LYP and B3PW91/6-311++G (d,p) level. [14][15]. The 
factors d and p present in the basis set are used to treat the heavy 
atoms containing polar bonds of sulfa and nitro groups[16]. The 
optimization was carried out in the gaseous phase and optimised 
geometry was used for further calculations. Vibrational Energy 
Distribution Analysis (VEDA) software is used for the detailed 
assignments of vibrational frequencies[17].NBO version 3.1 is used 
to compute the NBO properties[18]. 

3. Results and Discussion  

3.1. Molecular Geometrical parameters 
The molecular geometries of SMX and TMP were optimised at 
B3LYP, CAM-B3LYP and B3PW91/6-311++G(d,p) by DFT. The 
optimised geometries with dipole moment vector of SMX and TMP 
obtained at B3LYP theory are given in Figure.2. The summary 
obtained for optimized structure of SMX and TMP shows that both 
the molecules belong to the C1 point group. The dipole moment 
values  4.16D (B3LYP), 5.02D (CAM-B3LYP)and 4.76D (B3PW91) are 
obtained for ground state of SMX. The dipole moment values 1.27D 
(B3LYP), 1.21D (CAM-B3LYP) and 1.26D (B3PW91) are obtained for 
ground state of TMP. This indicates that SMX is more polar in 
ground state than TMP. Using optimized molecular geometries,  the 
bond length in angstroms Å,  are tabulated in Table 1 (a) &1(b) and 
bond angles in degree (o) are tabulated in Table 2(a) & 2(b). For SMX 
and TMP calculated at different levels of theory with 6-311G(d,p) 
basis set. The experimental values of bond length and bond angle for 
SMX are also given in Table 1(a) and Table 2(a) respectively[19].  
However, in the literature no reports were found on experimental 
values of bond lengths and bond angles for TMP.  From Table 1(a) it 
is clear that in case of SMX, the bond lengths estimated from three 
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different methods are nearly same (varies by less than 1%) and are 
slightly deviated from experimental data (less than 5%). This slight 
deviation could be due to the reason that experimental values are 
determined in the solid phase and computation is carried out in the 
gaseous phase. The bond angles between the inter atomic bonds in 
SMX obtained by the three levels are also nearly same and are 
slightly deviated from experimental data. Similarly, for TMP the 
values of bond lengths and bond angles computed from three 
different methods are nearly same.   

Fig.2(a) 

 

 

 

 

 

 

 

 

 

 

 

Fig.2(b) 

Fig.2 Optimized Geometrical Structure of (a) SMX and (b) TMP 
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Table 1(b). Selected Bond lengths of TMP compound 

Bond length (Å) B3LYP CAM-B3LYP B3PW91 

C1-N6 1.340 1.333 1.338 

C1-N7 1.369 1.362 1.365 

C1-N10 1.340 1.335 1.337 

C2-C3 1.385 1.377 1.383 

C3-C4 1.418 1.413 1.416 

C2-N6 1.337 1.332 1.334 

C4-N10 1.335 1.328 1.332 

C4-N11 1.370 1.364 1.365 

N7-H8 1.006 1.005 1.005 

N7-H9 1.006 1.004 1.005 

N11-H12 1.009 1.008 1.008 

N11-H13 1.009 1.008 1.009 

C16-O23 1.361 1.354 1.355 

C17-C18 1.405 1.398 1.403 

C17-O24 1.368 1.362 1.362 

C18-O25 1.361 1.354 1.355 

C19-C20 1.396 1.389 1.393 

O23-C30 1.420 1.413 1.413 

O24-C26 1.43 1.421 1.423 

 

Table 2(a). Selected Bond angles of SMX compound 

Bond Angle (0 ) Experimental B3LYP CAM-B3LLYP B3PW91 

C2-1C-C6 117.5 118.8 119.0 118.8 

C2-C1-N11 122.6 120.5 120.4 120.5 

C6-C1-N11 119.9 120.5 120.5 120.5 
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Bond Angle (0 ) Experimental B3LYP CAM-B3LLYP B3PW91 

C1-C2-C3 122.3 120.5 120.4 120.5 

C2-C3-C4 120.0 119.5 119.5 119.5 

C3-C4-C5 118.8 120.8 120.8 120.8 

C3-C4-S14 121.1 119.2 119.2 119.3 

C5-C4-S14 120.0 119.8 119.8 119.7 

C4-C5-C6 120.0 119.3 119.3 119.4 

C1-C6-C5 120.7 120.7 120.6 120.7 

C4-S14-O15 110.4 108.8 108.7 108.7 

C4-S14-O16 108.0 109.1 108.9 109.1 

C4-S14-N17 107.4 104.8 105.3 104.8 

O15-S14-N16 119.8 121.6 121.6 121.6 

O15-S14-N17 103.6 109.4 109.1 109.4 

O16-S14-N17 106.8 101.5 101.7 101.5 

S14-N17-C19 122.4 124.4 125.2 124.6 

N17-C19-C20 129.3 125.9 125.9 126.1 

N17-C19-C23 119.6 121.7 121.9 121.7 

C20-C19-N23 111.6 112.1 112.0 112.0 

C20-C22-O24 110.3 109.6 109.6 109.5 

C20-C22-C25 133.7 133.4 133.5 133.4 

O24-C22-C25 115.9 116.8 116.7 116.9 

C19-N23-O24 105.4 104.8 105.1 105.0 

C22-O24-N23 108.0 109.6 109.6 109.8 

3.2. Frontier molecular orbitals (FMO) 

HOMO-LUMO are jointly termed as FMO (Frontier Molecular 
orbitals). HOMO-LUMO act as electron donor and acceptors 
respectively, which gives more information about the chemical 
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stability and chemical reactivity of the molecules. HOMO-LUMO for 
SMX and TMP were computed at B3LYP, CAM-B3LYP and 
B3PW91/ 6-311++G(d,p) levels. These values of HOMO and LUMO 
energies are given in Table 2 along with energy gaps for all the 
theories. The HOMO and LUMO energies obtained from B3LYP and 
B3PW91 are nearly same. However, these values are over estimated 
in case of CAM-B3LYP. This could be due to the reason that CAM-
B3LYP method considers  long range corrections, whereas the 
B3LYP and B3PW91 functions considers short range 
corrections[20].Figure.3. shows the electron density distribution 
over the HOMO and LUMO energy levels and energy gaps between 
them for SMX and TMP obtained from B3LYP theory. HOMO level 
of SMX exhibits electron density distribution over the entire 
benzene-sulfonamide group. Also electron density distribution is 
extended over nitrogen and oxygen atoms in isoxazole group. In 
LUMO, the electron density distribution over the nitrogen and 
oxygen atoms is observed to be shifted to benzene sulfonamide 
moity. This infers the possible charge transfer takes place within the 
molecule. The HOMO level of TMP indicates that electron 
distribution is spread over the entire molecule excluding on 
methoxy groups attached to benzene ring. In LUMO of TMP it has 
been observed that electron density has slightly increased over the 
pyrimidine ring. This again indicates the possible intramolecular 
charge transfer. 

By using HOMO-LUMO values for a molecule, the reactivity 
descriptors namely ionization potential (IP),electronegativity (χ), 
electron affinity (EA), electrophilicity index (ω), hardness (η), and 
softness (S) values were computationally determined for three levels 
of theory with 6-311++G(d, p) basis set and  are also tabulated in 
Table.3. The ionization potential gives an idea about electron 
donating capacity of the system, lower the IP value, better will be the 
electron donating capacity. TMP having the lower value of IP 
exhibits better electron donating capacity than that of SMX. Higher 
values of electronegativity and electron affinity indicates more 
electron accepting ability. SMX having more electronegativity and 
electron affinity value in three levels of theory than TMP indicates 
SMX is having better electron accepting ability than TMP. 
Electrophilicity index is another important global reactive descriptor 
that talks about electron-accepting ability. The greater value of 
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electrophilicity index signifies better electron-accepting  capacity.  
From the above-studies SMX is having more electrophilicity index 
as compared to TMP indicating that it has more electron accepting 
ability. The compound with a high energy gap is harder and less 
reactive or vice-versa. As observed in the studied molecules, SMX is 
harder and less reactive as compared to TMP which is softer and 
more reactive [21]–[24]. 

 

         Fig 3(a) 

 

 

Fig 3(b) 

Fig.3. HOMO-LUMO orbitals of (a)  HOMO-LUMO energy of (a) SMX and (b) TMP molecules 
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Table 3. Reactivity descriptors of SMX and TMP molecules 

Parameters 

 

SMX TMP 

B3LY
P 

CAM-
B3LYP 

B3PW91 B3LYP 
CAM-
B3LYP 

B3PW9
1 

EHOMO (eV) 
-
6.2937 

-7.6572 -6.2964 -5.9459 -7.3440 -5.9530 

ELUMO (eV) 
-
1.0134 

0.1251 -0.9774 -0.7102 0.2345 -0.6571 

ΔEgap (eV) 5.2803 7.5321 5.319 5.2357 7.1090 5.2900 

Ionization 
Potential(IP) 

1.0134 -0.1251 0.9774 0.7102 -0.2345 0.6571 

Electronegativity 
(χ) 

4.1602 3.7034 4.1256 3.6831 3.4374 3.6336 

Electron Affinity 
(EA) 

6.2937 7.6572 6.2964 5.9459 7.3440 5.9530 

Electrophilicity 
(ω) 

2.5279 1.8224 2.4868 2.1154 1.6673 2.0626 

Hardness (ⴄ) 2.6401 3.8912 2.6595 2.6178 3.7893 2.6479 

Softness (s) 0.3787 0.2569 0.3760 0.3819 0.2638 0.3776 

3.3. Molecular Electrostatic Potential (MEP) 

MEP is used as an invaluable tool for the qualitative interpretation 
of the electrophilic and nucleophilic reactions for the study of 
hydrogen bonding interactions. In the MEPs, red colour is indicated 
as the maximum negative region, which is the preferred site for an 
electrophilic attack, yellow colour indicates the slightly electron rich 
region, light-blue colour indicates the slightly electron deficient 
region, green colour indicates the neutral region and blue colour 
indicates the maximum positive region, which is the preferred site 
for nucleophilic attack. MEP also displays , positive, negative, and 
neutral electrostatic potential regions[25], [26].The MEP mapped 
surface for SMX and TMP obtained from three theories are shown in 
Figure.4. The MEP maps computed by different levels are nearly 
identical. In case of SMX, the maximum electron density is 
concentrated near - O (oxygen) atoms which are bonded to-S 
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(sulphur) and hence these sites are preferred sites for an electrophilic 
attack. The minimum electron density is concentrated near the 
nitrogen atom of benzene sulfonamide group and therefore this site 
is a favoured location for an attack of nucleophile. In case of TMP, 
the maximum electron density is concentrated near the oxygen 
atoms bonded to benzene ring and therefore these sites are favoured 
location for an attack of electrophile. The minimum electron density 
is concentrated near the amine groups of pyrimidine and hence these 
are preferred sites for nucleophilic attack. These results indicate that 
the investigated molecules possesses  both attacking sites 
(electrophilic and nucleophilic) and hence they are chemically 
reactive.  

 

Fig.4a 

 

Fig.4b  

Fig.4. Molecular Electrostatic Potential maps of (a) SMX and (b) TMP molecules 
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3.4. Mulliken atomic charge 

Mulliken charge analysis is a helpful tool used to study the atomic 
charge distribution and also the dependence of electronic structure, 
dipole moment, and polarizability of the molecules based on the 
distribution of atomic charge. The Mulliken atomic charge 
distribution for optimized molecules is obtained at different levels 
of theory  and no appreciable variation is noticed. The charge 
distribution graph of SMX and TMP plotted for B3LYP level are 
represented in Figure.5. In SMX, carbon atoms C3 and C20 shows 
positive charge and all other carbon atoms shows the negative 
charge. The N11, N17, N23, atoms show the negative charge. The 
O15, O16 atoms shows the negative charge whereas the O24 atom 
shows positive charge. S14 attached to the O15 and O16 shows the 
positive charge. In TMP, all the carbon atoms except C3, C19, and 
C20 shows negative charge. C14 shows the more negative charge 
compared to all other carbon atoms due to the attachment of heavier 
functional groups. N6, N7, N10, N11, and O23, O24, O25 atoms are 
showing negative charge.  The variation in the charge distribution 
across different atoms is due to the intramolecular charge transfer 
among the various types of inter atomic bonds. 

 
Fig.5 (a) 
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Fig.5 (b) 

Fig.5. Mulliken Plot for (a) SMX and (b) TMP molecules. 

3.5 Non-linear Optical Properties (NLO) 

Organic molecules have their importance in several biochemical and 
sensing applications due to their unique dipole moment (μ), 
polarizability (α) and hyperpolarizability (β) values which are 
collectively called Non-linear optical properties. These molecules 
exhibit NLO property by the interaction of the electrons in the 
molecule with the electric field of the light radiation. The NLO 
properties of the molecule are also depending on the overall 
geometry of the molecule. The SMX and TMP are geometrically 
optimized using B3LYP, CAM-B3LYPand B3PW91/6311-G++(d, p) 
level through the DFT approach. The obtained values of NLO 
parameters from three different theories are nearly same in 
magnitudes and data obtained for B3LYP level is given in Table 4. 
The NLO property of molecules can be well estimated by the 
comparative observations of the obtained hyperpolarizability values 
with the hyperpolarizability value of Urea which is a prototypic 
molecule concerned with the NLO property. Urea has a 
hyperpolarizability value of about 0.343x10-30 e.s.u [27].The 
hyperpolarizability value (βo) for the SMX and TMP are found to be 
1.74x10-30 e.s.u and  4.71x10-30 e.s.u respectively. As the β values 
obtained through the computational technique for SMX and TMP 
are greater than that of the β value of Urea, both SMX and TMP can 
be used for better NLO applications. 
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Table 4. Non-linear Optical Properties of SMX and TMP molecules 

Parameters SMX TMP 

βxxx 41.890 -100.184 

βxxy -182.948 -57.559 

βxyy -182.117 142.833 

βyyy 13.420 218.652 

βxxz 41.766 -278.343 

βxyz 0.342 135.313 

βyyz -16.784 -120.128 

βxzz 22.465 89.226 

βyzz 52.777 36.084 

βzzz 88.968 -92.525 

βo (e.s.u) x10-30 1.74 4.71 

μx 1.851 0.454 

μy -2.300 -0.018 

μz -1.155 0.213 

μ(D) 3.170 0.502 

αxx 232.150 280.894 

αxy 5.051 -24.767 

αyy 187.456 208.943 

αxz 4.687 -5.100 

αyz -9.733 3.017 

αzz 111.986 165.377 

αtot (e.s.u) x10-24 177.1973 218.4047 
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3.6. Natural Bonding Orbitals (NBO) 

Natural bond orbitals lie between the atomic orbitals and the 
molecular orbits which represents the maximum probability of the 
distribution of electrons in the molecular system[28]. Bonding 
orbitals in the molecule are considered as Lewis’s orbitals with the 
maximum occupancy of two electrons and antibonding orbitals are 
considered as the non-Lewis orbitals with a parameter of electron 
occupancy nearly equal to zero. Second order Fock-Matrix method 
has been used to estimate the stabilized energy E(2) of the molecule 
based on the interaction between the bonding (donors) and 
antibonding orbitals (acceptor). [29] 

More stabilization energy leads to the more intensive interactions of 
donors and acceptors and the complex structure conjugation. NBO 
iterations for the SMX and TMP structures are carried out through 
the DFT approach using Gaussian 09 software at B3LYP, CAM-
B3LYP, andB3PW91/6311-G++(d, p) levels. Table 5(a) and 5(b) 
shows values of NBO parameters of SMX and TMP molecules 
computed at B3LYP level of theory. NBO data obtained for the SMX 
shows that the intermolecular interaction between LP(2) O24 and 
π*C20-C22 has more stabilization energy of36.22 kcal/mol 
compared to all-other interactions. In TMP, the interaction between 
σC14-H39and σ C34-H37 has more stabilization energy of 51.47 
kcal/mol compared to other interactions. Both these interactions in 
the SMX and TMP are observed as highly intensive interactions as 
evidenced from the highest value of Fock-matrix element Fij.  

Table 5(a). NBO analysis of SMX molecule. 

Donors(i) Occupancy 
Bond 

Type 

Acceptors 

(j) 
Occupancy 

Bond 

Type 
E(2)kcal/mol 

Ej-

Ei(a.u.) 
Fij(a.u.) 

O24 1.726 LP(2) C20-C22 0.266 π* 36.22 0.35 0.101 

N11 1.820 LP(1) C1-C6 0.402 π* 31.27 0.32 0.094 

C1-C6 1.605 π C4-C5 0.416 π* 29.94 0.27 0.081 

N17 1.830 LP(1) C19-N23 0.368 π* 29.65 0.32 0.091 

C20-C22 1.826 π C19-N23 0.368 π* 27.06 0.29 0.083 

C4-C5 1.688 π C2-C3 0.308 π* 25.13 0.29 0.076 

C2-C3 1.709 π C1-C6 0.402 π* 23.07 0.28 0.074 
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Donors(i) Occupancy 
Bond 

Type 

Acceptors 

(j) 
Occupancy 

Bond 

Type 
E(2)kcal/mol 

Ej-

Ei(a.u.) 
Fij(a.u.) 

O15 1.716 LP(3) S14-N17 0.286 σ* 21.42 0.38 0.081 

O16 1.795 LP(3) S14-O15 0.147 σ* 17.93 0.58 0.093 

O15 1.814 LP(2) C4-S14 0.179 σ* 16.40 0.46 0.078 

O15 1.761 LP(3) S14-O16 0.138 σ* 15.78 0.57 0.087 

O16 1.820 LP(2) C4-S14 0.179 σ* 15.52 0.47 0.076 

C1-C6 1.605 π C2-C3 0.308 π* 14.67 0.28 0.059 

C2-C3 1.709 π C4-C5 0.416 π* 14.26 0.28 0.058 

O16 1.795 LP(3) S14-N17 0.286 σ* 13.76 0.38 0.066 

O24 1.726 LP(2) C19-N23 0.368 π* 13.59 0.34 0.062 

C4-C5 1.688 π C1-C6 0.402 π* 13.51 0.29 0.057 

C19-C20 1.964 π C22-C25 0.016 σ* 7.410 1.10 0.081 

C19-N23 1.928 π C20-C22 0.266 π* 7.280 0.35 0.047 

 

Table 5(b). NBO analysis of TMP molecule. 

Donors(i) Occupancy 
Bond 

Type 

Acceptors 

(j) 
Occupancy 

Bond 

Type 
E(2)kcal/mol 

Ej-

Ei(a.u.) 
Fij(a.u.) 

C14-H39 1.967 σ C34-H37 0.018 σ 51.47 5.55 0.479 

N7 1.792 LP(1) C1-N6 0.461 π* 43.89 0.28 0.106 

N11 1.785 LP(1) C4-N10 0.449 π* 41.16 0.29 0.104 

C4-N10 1.743 π C1-N6 0.461 π* 37.42 0.31 0.101 

C1-N6 1.707 π C2-C3 0.311 π* 33.58 0.33 0.094 

C2-C3 1.716 π C4-N10 0.449 π* 31.94 0.26 0.085 

O25 1.840 LP(2) C18-C19 0.416 π* 29.91 0.34 0.097 

C3-C14 1.971 σ C34-H37 0.018 σ * 29.63 5.69 0.367 

C14-C20 1.972 σ C34-H37 0.018 σ * 28.99 5.68 0.363 

O23 1.840 LP(2) C16-C17 0.411 π* 28.26 0.34 0.093 

C18-C19 1.671 π C15-C20 0.407 π* 24.79 0.29 0.077 
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3.7. FTIR Analysis 

Vibrational spectroscopy is a prototypical tool used to determine the 
functional groups of the molecule. The experimental FT-IR spectra 
were recorded (4000 cm-1to 400cm-1) in the solid phase and 
theoretical IR were obtained from the DFT approach at different 
levels of theory in gaseous phase. The theoretical and experimental 
infrared spectra are represented in Figure 6. The small variations 
have been observed in experimental spectral peaks compared to 
theoretical peaks obtained for three levels of theory. One of the 
reasons for these variations is due to the fact that computed spectra 
are based on gaseous state of the sample, whereas experimental 
spectra are based on solid state of the sample.  The other reason is 
attributed to the an harmonicity of vibrations in experimental 
spectra. In both the molecules, the vibrations obtained by B3LYP 
method better matches with experimental vibrations. Theoretical 
and experimental frequencies with potential energy distributions (% 
PED) are presented in Table 6. The tabulated wavenumbers shows 
the various modes of vibrations namely stretching mode, bending 
mode and also torsional mode occur in the molecules SMX and TMP. 
The assignment of vibrations for observed wavenumbers based on 
PED is carried out in the following sections.    

 

  

Donors(i) Occupancy 
Bond 

Type 

Acceptors 

(j) 
Occupancy 

Bond 

Type 
E(2)kcal/mol 

Ej-

Ei(a.u.) 
Fij(a.u.) 

C16-C17 1.653 π C18-C 19 0.416 π* 23.70 0.29 0.075 

C15-C20 1.719 π C16-C17 0.411 π* 23.11 0.28 0.074 

C16-C17 1.653 π C15-C20 0.407 π* 16.63 0.29 0.063 

C18-C19 1.671 π C16-C17 0.411 π* 15.88 0.28 0.061 

C15-C20 1.719 π C18-C19 0.416 π* 14.24 0.28 0.059 

C14-H38 1.971 σ C34-H37 0.018 σ 12.89 5.56 0.239 

N6 1.910 LP(1) C1-N10 0.037 σ 12.21 0.87 0.093 

N10 1.900 LP(1) C1-N6 0.038 σ 11.44 0.87 0.09 
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Vibrations in SMX 

N-HVibrations: 

The N-H group vibrations present in hetero-aromatic 
compounds are expected in the range of 3500  to  3220 cm-1[30], 
[31]. In SMX, the theoretical N-H frequencies are at 3586( forB3LYP), 
3620( for CAM-B3LYP) and 3608 (for B3PW91) cm-1 with 50% PED 
and the corresponding experimental frequency is observed at 3468 
cm-1. This indicates that B3LYP method better approximates 
experimental value. 

NH2 Vibrations: 
The NH2produces  scissoring mode of vibration in the frequency 
range of 1700-1600 cm-1[32]–[34]. In SMX, the theoretical frequencies  
at 1663 (for B3LYP), 1696 (for CAM-B3LYP) and 1668 (for B3PW91) 
cm-1  with 75% PED are designated as scissoring -NH2 mode of 
vibrations. The experimental scissoring mode of vibrations are 
observed at 1710 cm-1. 

SO2Vibrations: 
The SO2 scissoring mode of vibrations are  expected in the frequency 
range 600-520  

cm-1[35]. In SMX, computed frequencies at 561 (for B3LYP), 576 (for 
CAM-B3LYP) and 565(for B3PW91) cm-1 with PED of -23% are 
assigned to SO2 scissoring mode. The experimental vibrations are 
observed at  580 cm-1. The SO2 out of plane bending are expected in 
the frequency range of  555 – 445 cm-1[23]. The theoretically obtained 
bands at 508 (for B3LYP), 515(for CAM-B3LYP) and 509(for B3PW91) 
cm-1  with 22% of PED corresponds to SO2 out of plane bending 
vibrations. 

S-N Vibrations: 
The S-N stretching mode is expected in the range 935 – 875 cm-1[36]. 
For SMX molecule, computed bands appeared at 818 (for B3LYP), 
848 (for CAM-B3LYP) and 830 (for B3PW91) cm-1are designated as  
S-N asymmetric stretching mode of vibrations with-23% PED. 
However,  no experimental peaks were observed  for these mode of 
vibrations. 
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C=N and C-N Vibrations: 

The C=N produces stretching mode of vibrations within the range 
1550-1700 cm-1[25]. 

For SMX molecule, theoretically obtained bands at 1537 (for B3LYP), 
1587 (for CAM-B3LYP) and 1556 (for B3PW91) cm-1are designated to 
N23=C19and  N17 - C19 mode of vibrations with 51% and  -11%PED 
respectively. The N23- C19  are correspond to symmetric stretching 
mode, whereas N17 - C19vibrations correspond to asymmetric 
stretching mode. These frequencies are experimentally observed at 
1575 cm-1. 

C-N produces stretching mode of vibrations within the range 1330-
1220 cm-1. For SMX, computed wavenumbers appeared within the 
range of 1318-1160 (for B3LYP) , 1339-1177 (for CAM-B3LYP) and 
1329-1164 (for B3PW91)and are designated to C-N stretching mode 
of vibrations. These frequencies are appeared experimentally within 
the range of  1311-1187 cm-1 

C-H Vibrations: 
The C-H  produces stretching vibrations in the frequency range of 
3180-3000 cm-1[37]. Many such vibrations are observed in the 
computed spectra. The computed wavenumbers within the range of 
3260 –3038 (for B3LYP) ,3283 –3067 (for CAM-B3LYP) and 3273 –3049 
(for B3PW91) cm-1are assigned to C-H vibrations in the benzene and 
methyl isoxazole groups.  The vibrations are observed 
experimentally in the range 3245 – 2933 cm-1. 

Vibrations in TMP 
NH2 Vibrations: 
The NH2 group attached to the pyridine ring shows the stretching, 
scissoring and rocking modes of vibration  around 3500-3000, 1700-
1600 and 1150-099 cm-1  respectively [38] . The TMP contain two NH2 

groups namely NH2(β1)and NH2(β2). NH2(β1) group shows 
scissoring mode of vibration at 1653 (for B3LYP), 1688 (for CAM-
B3LYP) and 1664 (for B3PW91) cm-1obtained with PED contribution 
53% and experimental peak were observed at 1655cm-1. The NH2(β2) 
group also shows scissoring mode of vibration at 1640 (for B3LYP), 
1668 (for CAM-B3LYP) 1649 (for B3PW91) cm-1 with PED 
contribution 21%  and experimental peak were observed at 1643cm-

1.  
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C=N, C-N Vibrations: 

The C=N produces stretching vibrational  modes  within the range 
1700-1550cm-1. In TMP the theoretically obtained wavenumbers are 
1590 (for B3LYP), 1629 (for  CAM-B3LYP) and 1607(for B3PW91) cm-

1 with  39%PED and they corresponds to C=N stretching vibrational  
modes. However, the corresponding experimental frequencies are 
not appeared. 

The C-N stretching modes are generally appeared in the range 1330-
1220 cm-1. In TMP, theoretical wavenumbers correspond to C4-
N11appeared at 1340 (for B3LYP), 1351(for CAM-B3LYP) and 
1341(for B3PW91) cm-1with 10% PED contribution and are 
designated to C-N stretching mode of vibrations. These frequencies 
are experimentally appeared at 1335 cm-1 . Also, the frequencies 
appeared within the range 1303-1309 (for B3LYP), 1306-1317(for 
CAM-B3LYP) and 1311-1328 (for B3PW91) cm-1are designated to 
stretching  ode of C2-N6. The corresponding   experimental 
frequencies are not appeared. 

O-CH3 Vibrations: 

In the O-CH3 group, the C-H symmetric and asymmetric stretching 
vibrations are expected within the range of 2900-2800 and 3100-2900 
cm-1 respectively. In TMP, computed wavenumbers at 3004, 3031 
and 3010 cm-1respectively fromB3LYP, CAM-B3LYP and B3PW91 
theories with PED contribution of 91% are assigned to C30-H31 
symmetric stretching vibration. These vibrations are observed 
experimentally at 2964 cm-1. The computed wavenumbers at 3068, 
3099 and 3082 cm-1respectively from B3LYP, CAM-B3LYP and 
B3PW91 theories corresponding to C34-H36 vibration with PED 
contribution -99% are assigned to asymmetric stretching vibration 
and is experimentally observed at 3014 cm-1. The computed 
wavenumbers at 3123, 3151 and 3132 cm-1corresponding to C26-H27 
vibration respectively from B3LYP, CAM-B3LYP and B3PW91 
theories with PED contribution of -13% are also assigned to 
asymmetric C-H mode of vibration. However, these vibrations are 
not observed experimentally.  

In TMP, the computed wavenumbers at 1160, 1177 and 1163 cm-1 
corresponding to C30 -O23 vibrations with 64% PED contribution 
from B3LYP, CAM-B3LYP and B3PW91 respectively are assigned to 
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C-O stretching mode of vibration. These vibrations are observed at 
1130 cm-1in experimental spectrum. The wavenumbers computed at 
1027, 1061 and 1049 cm-1corresponding to C26-O24 with 77% PED 
contribution from B3LYP, CAM-B3LYP and B3PW91 respectively 
are also assigned to C-O stretching mode of vibrations. These 
vibrations are observed at 1000 cm-1experimentally. These 
wavenumbers are in good agreement with literature values[39]. 

In the O-CH3 bond group, the C-H symmetric  and asymmetric 
vibrations are expected respectively within the range of 2000-2800 
and 3100-2900 cm-1. In TMP, theoretically obtained wavenumbers 
3004 (for B3LYP), 3031(for CAM-B3LYP) and 3010 (for B3PW91) with 
91% PED are designated to C30-H31 symmetric stretching vibrations. 
The respective experimental frequency is appeared at 2964 cm-1. The 
theoretically obtained frequencies 3068 (for B3LYP), 3099 (for CAM-
B3LYP) and 3082 (for B3PW91) cm-1 corresponds to asymmetric 
stretching vibrations of C34-H36 bond with -99% PED. The 
experimental frequency correspond to these vibrations is observed 
at 3014 cm-1.  

The theoretically obtained wavenumbers 3123 (for B3LYP), 3151(for 
CAM-B3LYP) and 3132 (for B3PW91) cm-1 corresponding to C26-
H27 vibration corresponds to asymmetric stretching vibrations of 
C26-H27 bond with PED  of -13%. The experimental frequency 
correspond to these vibrations are not observed.  

In TMP, the theoretical frequencies at 1160 (for B3LYP), 1177 (for 
CAM-B3LYP) and 1163 (for B3PW91) cm-1 correspond to C30 -O23 
bond vibrations with 64% PED and experimentally the 
corresponding vibrations are appeared at 1130cm-1.  The 
wavenumbers computed at 1027(for B3LYP), 1061(for CAM-B3LYP) 
and 1049( forB3PW91) cm-1 correspond to stretching mode of C26-
O24 vibrations with 77% PED and corresponding experimental 
frequencies are appeared at 1000 cm-1. These wavenumbers are in 
good agreement with literature values[39]. 
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Fig.6(a)   Fig. 6(b) 

Fig.6. Experimental and Theoretical FT-IR Spectra of (a) SMX and (b) TMP molecules   
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Table 6(a). Experimental and Theoretical Vibrational assignments of SMX 

Modes Experimenta

l frequency 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

  B3LYP CAM-

B3LYP 

B3PW91  

1 - 3690 3725 3716 ʋ(N11-H12 )(-50)+ʋ 

(N11-H13) (50) 

2 - 3591 3635 3618 ʋ(N17-H18 )(100) 

3 3468 3586 3620 3608 ʋ(N11-H12  )(50)+ʋ 

(N11-H13) (50) 

4 3245 3260 3283 3273 ʋ(C20-H21) (99) 

5 - 3216 3236 3223 ʋ(C5-H9) (98) 

6 - 3203 3223 3210 ʋ(C3-H8)(96) 

7 - 3167 3191 3178 ʋ(C6-H10) (96) 

8 3142 3165 3189 3176 ʋ(C2-H7) (94) 

9 3112 3128 3158 3149 ʋ(C25-H27)(82) 

10 3073 3092 3129 3113 ʋ(C25-H26) (-49) 

11 2933 3038 3067 3049 ʋ(C25-H27)(-18)+ʋ(C25-

H26)(-43)+ʋ(C25-H28)(-

40) 

12 1710 1663 1696 1668 SCI(H13-N11-H12)(75) 

13 - 1654 1682 1666 ʋ(C20-C22)(53)+ʋ(N23-

C19)(-18) 

14 1623 1635 1660 1645 ʋ(C2-C3)(27)+ʋ(C6-

C5)(10) 

15 1598 1612 1651 1627 ʋ(C5-C4)(-25)+ʋ(C1-

C6)(20)+β(C1-C6-C5)(-

15) 

16 1575 1537 1587 1556 ʋ(N23-C19)(51)+ʋ(N17-

C19)(-11) 

17 - 1529. 1555 1535 β(H8-C3-C2)(16)+β (H7-

C2-C3) (-13) 
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Modes Experimenta

l frequency 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

18 1500 1499 1535 1515 ʋ(N17-C19)(16) 

19 - 1481 1493 1478 ʋ(H26-C25-H28)(36) 

20 1474 1474 1486 1469 β(H28-C25-H27)(38) 

21 1440 1463 1481 1467 ʋ(C2-C3)(-19) 

22 - 1416 1426 1407 β(H27-C25-H26)(-30) 

23 1365 1368 1392 1386 β(H18-N17-C19)(22) 

24 - 1357 1362 1369 ʋ(C4-C3)(-10)+β(H18-

N17-C19)(13) 

25 - 1332 1342 1332 ʋ(C4-C3)(14) 

26 1311 1318 1339 1329 ʋ(N11-C1)(50) 

27 1305 1303 1336 1323 ʋ(S14-O15)(-42)+ʋ(S14-

O16)(30) 

28 1266 1266 1294 1280 β(H18-N17-C19)(30) 

29 - 1206 1216 1203 β(H10-C6-C1)(-

22)+β(H9-C5-C6)(-

14)+β(H8-C3-C2)(-14) 

30 1187 1160 1177 1164 ʋ(N17-C19)(12)+ʋ(C25-

C22)(-17)+β(H21-C20-

C22)(49) 

31 1144 1152 1159 1149 β(H8-C3-C2)(13)+ʋ(C2-

C3)(10)+β(H7-C2-

C3)(21)+β(H10-C6-

C1)(17)+ β(H9-C5-

C6)(11) 

32 - 1124 1157 1142 ʋ(C4-C3)(-12)+ʋ(C5-

C4)(-11)+ʋ(S14-O15)(-

17)+ʋ(S14-O16)(-

25)+ʋ(S14-C4)(14) 

33 1091 1075 1107 1091 ʋ(C4-C3)(15)+ʋ(C5-

C4)(13)+ʋ(CS14-O15)(-

19)+(S14-O16)(-27) 
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Modes Experimenta

l frequency 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

34 - 1070 1086 1072 ʋ(C1-C6)(-17)+β(H12-

N11-C1)(54) 

35 - 1063 1078 1069 β(H27-C25-

H26)(13)+β(H28-C25-

H27)(-13)+T(H27-C25-

C22-C20)(-57) 

36 1040 1054 1074 1055 ʋ(O24-C25)(32)+ʋ(O24-

C22)(32)+ʋ(N17-

C19)(13)+β(C20-C22-

O24)(26) 

37 1027 1029 1047 1032 ʋ(C20-C22-C23)+β(H21-

C20-C22)(15)+β(C22-

O24-N23)(-17)+T(H26-

C25-C22-

C20)(10)+T(H28-C25-

C22-C20)(-11) 

38 1015 1020 1034 1020 β(C6-C5-C4)(20)+β(C2-

C3-C4)(39)+β(C5-C4-

C3)(-21) 

39 - 1006 1032 1017 ʋ(O24-N23)(17)+ʋ(O27-

C22)(-11)+β(C22-O24-

N23)(27)+T(H26-C25-

C22-C20)(11)+T(H28-

C25-C22-C20)(-11) 

40 989 975 1002 973 T(H7--C4-C2-

C3)(12)+T(H8-C3-C4-

S14)(-38)+T(H9-C5-C4-

S14)(-28)+T(H10-C6-C1-

N11)(-15) 

41 928 962 985 958 T(H8-C3-C4-

S14)(26)+T(H9-C5-C4-

S14)(-30)+T(H10-C6-C1-

N11)(-14) 

42 886 932 968 952 ʋ(O24-N23)(49)+β(C20-

C22-O24)(14) 
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Modes Experimenta

l frequency 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

43 - 843 865 850 ʋ(N11-C1)(11)+β(C5-C4-

C3)(31) 

44 830 832 855 834 T(H7-C2-C3-C4)(-

16)+T(H9-C5-C4-

S14)(13)+T(H10-C6-C1-

N11)(-30) 

45 - 818 848 830 ʋ(N17-C19)(13)+ʋ(S14-

N17)(-28) 

46 - 816 836 816 T(H7-C2-C3-

C4)(16)+T(H9-C5-C4-

S14)(13)+T(H10-C6-C1-

N11)(-26) 

47 - 790 810 798 OUT(C25-C20-O24-

C22)(-12)+T(C22-O24-

N23-C19)(10) 

48 780 778 794 777 T(H21-C20-C22-C25)(-

72) 

49 - 731 738 732 T(C1-C6-C5-C4)(-

25)+OUT(N11-C6-C2-

C1)(-21) 

50 714 704 718 706 T(C20-C22-O24-

N23)(29)+T(C22-O24-

N23-C19)(-33) 

51 685 660 676 666 ʋ(C25-C22)(28)+β(C20-

C22-O24)(-30) 

52 - 655 674 664 ʋ(C25-C22)(13)+ʋ(S14-

C4)(-20) 

53 644 647 654 644 β(C2-C3-C4)(-18)+β(C6-

C5-C4)(36) 

54 617 618 633 622 T(C20-C22-O24-

N23)(29)+T(C22-O24-

N23-C19)(-30) 

55 580 561 576 565 β(O15-S14-O17)(-

23)+β(N17-S14-C4)(16) 



A. Reddy, Vibha et al. Theoretical and Experimental Investigations of antibiotic agents  

231 

 

Modes Experimenta

l frequency 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

56 547 537 551 540 OUT(O15-N17-O16-

N14)(45) 

57 508 508 515 509 β(O15-S14-

O16)(22)+OUT(N11-C6-

C2-C1)(-27) 

58 - 447 451 445 T(H12-N11-C1-C6)(-

30)+T(H13-N11-C1-

C6)(28) 

59 - 422 428 438 T(O24-N23-C19-

N17)(14) 

60 - 418 426 422 T(C2-C3-C4-C5)(-26) 

β= Bending, OUT=out of plane bending, SCI- scissoring, ʋ= Stretching T= Torsion, 

 

Table 6(b).  Experimental and Theoretical Vibrational assignments of TMP 
Modes Experi

mental 

freque

ncy 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

  B3LYP CAM-B3LYP B3PW91  

1 - 3730 3767 3755 ʋ(N7-H8)(100) 

2 - 3677 3712 3696 ʋ(N11-H12)(-100) 

3 - 3604 3639 3625 Ʋ(N7-H8)(100)  

4 3470 3563 3597 3575 ʋ(N11-H12)(99) 

5 - 3203 3227 3208 ʋ(C19-H22)(99) 

6 - 3193 3218 3200 ʋ(C15-H21)(99) 

7 - 3134 3162 3147 ʋ(C34-H35)(91) 

8 - 3133 3161 3146 ʋ(C30-H32)(92) 

9 - 3125 3152 3137 ʋ(C2-H5)(99) 
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Modes Experi

mental 

freque

ncy 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

10 3123 3123 3151 3132 ʋ(C26-H27) (-13)+ʋ(C26-

H29)(87) 

11 - 3075 3102 3089 ʋ(C26-H27)(98) 

12 - 3068 3099 3082 ʋ(C34-H36)(-99) 

13 - 3062 3093 3075 ʋ(C30-H31)(100) 

14 - 3039 3076 3055 ʋ(C14-H38)(99) 

15 3014 3011 3040 3018 ʋ(C26-H27)(85)+ʋ(C26-

H29)(12) 

16 - 3008 3036 3017 ʋ(C14-H38)(95) 

17 - 3008 3035 3015 ʋ(C14-H38)(94) 

18 2964 3004 3031 3010 ʋ(C30-H31)(91) 

19 1655 1653 1688 1664 ʋ(C2-C3)(-19)+SCI1(H13-

N11-H12)(53) 

20 1634 1640 1668 1649 ʋ(C2-C3)(-37)+SCI2(H9-

N7-H8)(21) 

21 - 1624 1663 1640 ʋ(C15-C16)(45)+β(H21-

C15-C20)(18) 

22 - 1622 1662 1636 β(H9-N7-H8)(39)+β(H13-

N11-H12)(-12) 

23 - 1619 1636 1623 ʋ(C15-C20)+β(C17-C16-

C15)(12) 

24 1594 1590 1629 1607 ʋ(N6-C1)(39)+β(N6-C2-

C3)(-10)+β(C1-N10-C4)(-

13) 

25 1565 1533 1570 1545 ʋ(C15-C16)(17)+ʋ(O24-

C17)(-10)+β(H21-C15-

C20)(16) 

26 1507 1504 1512 1500 β(H31-C30-H33)(-

70)+T(H31-C30-O23-

C16)(10) 
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Modes Experi

mental 

freque

ncy 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

27  1503 1511 1499 β(H35-C34-H37)+β(H37-

C34-H36)(53)+T(H31-C30-

O23-C16)(11) 

28 - 1500 1511 1495 β(H28-C26-H29)(-

68)+T(H27-C26-O24-

C17)(-13) 

29 - 1493 1507 1494 β(H31-C30-H32)(-

70)+T(H31-C30-O23-

C16)(-25) 

30 - 1492 1506 1493 β(H35-C34-H37)(-

37)+β(H36-C34-

H35)(38)+T(H35-C34-O25-

C18)(23) 

31 - 1491 1505 1491 β(H27-C26-H29)+β(H31-

C30-H32)(10)+T(H27-C26-

O24-C17)(-11) 

32 1486 1487 1502 1487 β(H27-C26-

H29)(42)+T(H27-C26-O24-

C17)(16) 

33 - 1483 1501 1486 ʋ(N11-C4)(11)+β(H31-

C30-H32)(17) 

34 - 1481 1497 1483 β(H31-C30-

H32)(40)+β(H35-C34-

H37)(10)+β(H36-C34-

H35)(13)+β(H37-C34-

H36)(10) 

35 - 1480 1494 1478 ʋ(C2-C3)(20)+β(H5-C2-

N6)(11)+β(N10-C1-

N6)(16) 

36 1459 1466 1480 1461 β(H39-C14-H38)(55) 

37 - 1464 1476 1459 β(H27-C26-H28)(76) 
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Modes Experi

mental 

freque

ncy 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

38 1445 1446 1467 1447 ʋ(C15-C16)(16)+β(H22-

C19-C20)(26)+β(H31-C30-

H32)(15) 

39 - 1380 1408 1392 ʋ(C2-C3)(47) 

40 1355 1355 1387 1373 ʋ(O25-C18)(43)+β(H38-

C14-C20)(11) 

41 - 1346 1361 1364 ʋ(C19-C20)(42) 

42 1335 1340 1351 1341 ʋ(N11-C4)(10)+β(H5-C2-

N6)(53) 

43 - 1309 1317 1328 ʋ(N6-C2)(12)+ʋ(C19-

C20)(10)+T(H38-C14-C20-

C15)(17) 

44 - 1302 1306 1311 ʋ(N6-C2)(-51)+β(H8-N7-

C1)(-11) 

45 1264 1262 1289 1268 β(H22-C19-C20)(54) 

46 - 1257 1278 1258 ʋ(O24-C17)(40) 

47 1236 1228 1248 1234 ʋ(C3-C14)(-29)+T(H39-

C14-C20-C15)(19) 

48 - 1209 1220 1207 β(H31-C30-H33)(-

10)+T(H31-C30-O23-

C16)(60) 

49 - 1204 1217 1205 T(H27-C26-O24-C17)(48) 

50 - 1202 1215 1201 β(H38-C14-

C20)(24)+T(H27-C26-O24-

C17)(26) 

51 - 1201 1212 1201 β(H38-C14-C20)+T(H27-

C26-O24-C17)(30) 

52 1189 1171 1194 1178 ʋ(N6-C2)(-22)+ʋ(N11-C4)(-

10)+β(H8-N7-C1)(42) 

53 - 1168 1188 1176 β(H31-C30-

H32)(21)+T(H31-C30-O23-
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Modes Experi

mental 

freque

ncy 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

C16)(61)+T(H35-C34-O25-

C18)(-12) 

54 - 1167 1181 1170 β(H36-C34-H35)+T(H35-

C34-O25-C18)(-59) 

55 - 1166 1180 1167 ʋ(C15-C20)(20)+ʋ(C14-

C20)(-13)+β(H21-C15-

C20)(30) 

56 - 1164 1180 1166 β(H27-C26-

H29)(23)+T(H27-C26-O24-

C17)(67) 

57 1130 1160 1177 1163 ʋ(O23-C30)(64) 

58 - 1069 1103 1088 ʋ(O23-C30)(66) 

59 1058 1056 1066 1056 ʋ(N6-C1)(21)+β(H8-N7-

C1)(61) 

60 1000 1027 1061 1049 ʋ(O24-C26)(77) 

61  996 1015 1001 ʋ(C2-C3)(29)+β(C1-N6-

C2)(-13)+β(C1-N10-C4)(-

10) 

62 986 983 1005 992 ʋ(C14-C20)(21)+T(H5-C2-

N6-C1)(-20) 

63 969 971 994 972 T(H5-C2-N6-C1)(52) 

64 - 946 969 957 ʋ(O23-C16)(-40)+T(H38-

C14-C20-C15)(-10) 

65 927 920 939 922 ʋ(O23-C16)(-27)+T(H38-

C14-C20-C15)(16) 

66 908 845 868 841 T(H22-C19-C20-C14)(-65) 

67 830 837 859 834 T(H21-C15-C20-C14)(56) 

68 - 811 832 811 T(H21-C15-C20-

C14)(12)+T(C1-N6-C2-

C3)(-51) 
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Modes Experi

mental 

freque

ncy 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

69 805 806 819 808 ʋ(C3-C14)(11)+β(N6-C2-

C3)(12) 

70 798 798 817 801 ʋ(C3-C14)(12)+β(C15-C20-

C19)(10)+T(C17-C16-C15-

C20)(-15) 

71 782 777 793 782 ʋ(N6-C1)(17)+β(C1-N6-

C2)(14)+β(N6-C2-C3)(-

11)+β(N10-C1-N6)(13) 

72 768 762 779 764 T(C17-C16-C15-C20)(17) 

73 741 736 753 739 OUT(N7-N6-N10-C1)(68) 

74 677 686 698 688 ʋ(C5-C20)(-11) 

75 630 643 652 643 β(C16-C15-C20)(39) 

76 - 617 633 619 β(C1-N10-C4)(18) 

77 597 608 616 608 OUT(O23-C15-C16)(11) 

78 584 584 594 584 β(C1-N10-C4)(-11) 

79 566 569 577 570 T(C15-C20-C19-

C18)(12)+OUT(C14-C15-

C19-C20)(10) 

80  540 543 543 β(N10-C4-N11)(-

11)+T(H12-N11-C4-

C3)(58) 

81 529 535 542 535 ʋ(O23-C16)(10)+β(C16-

C15-C20)(13)+β(C18-C17-

O24)(-39) 

82 - 521 527 521 β(N10-C4-N11)(17)+T(H8-

N7-C1-N6)(-16) 

83 506 508 517 509 β(N10-C4-N11)(-

12)+T(H8-N7-C1-N6)(31) 

84 - 487 493 491 T(H9-N7-C1-N6)(-65) 
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Modes Experi

mental 

freque

ncy 

(cm-1) 

Calculated frequency  

(cm-1) 

PED(>10%) – for B3LYP 

85 - 475 468 476 β(N10-C4-N11)(14)+T(H8-

N7-C1-N6)(33)+T(N9-N7-

C1-N6)(14)+T(C1-N6-C2-

C3)(12) 

86 454 454 462 454 T(H12-N11-C3-C4)(-

12)+T(H5-C2-N6-

C1)(13)+T(C1-N6-C2-

C3)(51) 

87 - 421 430 422 β(C17-O24-

C26)(18)+T(H8-N7-C1-

N6)(-16) 

 β= Bending, OUT=out of plane bending, SCI- scissoring,ʋ= Stretching T= Torsion, 

 

4. Conclusion  
The theoritically obtained bond length and bond angles of SMX and 
TMP from B3LYP and B3PW91 theories at 6-311++G(d,p) basis set 
are in good agreement with literature XRD data.  The FMO study 
demonstrates that TMP is more chemically stable than SMX. MEP 
map analysis revealed that oxygen atoms present in 
sulfamethoxazole group of SMX and methoxy group of TMP are 
more electron-rich and hence they are best sites for electrophilic 
attack. Mulliken atomic charge study shows that the C3 and C20 
atoms exhibit more positive charge in TMP, whereas C1, C19 and 
C22 atoms exhibits more positive charge in SMX. The NLO study of 
SMX and TMP reveals that these molecules are potential candidates 
for NLO applications.  NBO analysis reflects that, the SMX shows 
more intensive intramolecular interaction between LP(2) (O24) and 
π* (C20-C22), whereas TMP shows the intensive intramolecular 
interaction between σ (C14-H39) and σ (C34-H37). The good 
agreement of experimental vibrational frequencies of SMX and TMP 
with  theoretically obtained frequencies signifies the importance of 
quantum chemical calculations.   
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